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ENHANCED SPEED READING WITH EYE
TRACKING AND BLINK DETECTION

BACKGROUND

The exemplary embodiments described herein relate gen-
erally to speed reading and, more specifically, to methods of
controlling the presentation of text for speed reading based
on movements ol a reader’s eyes.

Various methods of speed reading exist. Current speed
reading methods include skimming (searching for clues as to
the context of a textual passage and/or reading selected
portions), scanning (organizing the read information accord-
ing to hierarchical structure), and meta guiding (using a
visual guide such as a pointer). Critics of speed reading
techniques generally maintain that the only way to improve
reading speed while maintaining comprehension 1s to prac-
tice reading and striving to improve language skills, such as
increased vocabulary.

One technique for improving reading speed, however, 1s
rapid serial visual presentation (RSVP). RSVP 1s an experi-
mental model that 1s often used to examine the temporal
characteristics of attention. The RSVP model requires that
participants read by looking at a continuous presentation of
visual items at a speed of about 10 1tems (words) per second.
The words are all shown at a fixed location, and the reader
maintains a gaze at the fixed location with no or minimal eye
movement. In reading using the RSVP technique, the reader
1s able to rapidly view textual information, but such “read-
ing” does not detect or correct for blinking or other eye
movements made by the reader.

By presenting words at a fixed location, RSVP eliminates
the need to make saccadic eye movements. Saccades are
quick, simultaneous movements of both eyes between mul-
tiple phases of fixation 1n the same direction. For example,
in reading a line of text from left to right, the reader’s eyes
jump three or four words at a time along the line, then return
over the entire span of the line to the beginning of the next
line. Limiting or eliminating saccadic eye movements gen-
crally increases reading speed quite dramatically. However,
despite the eflectiveness of speed reading via RSVP, the
technique has not yet received widespread acceptance. Part
of the reason for its lack of acceptance 1s that blinking during
RSVP reading causes the reader to miss words. Furthermore,
the reader’s focus of attention on a single point without
blinking often leads to eye fatigue.

A saccade takes between about 20 milliseconds (ms) and
about 200 ms, which translates into about 2 words at 700
words per minute (wpm). A reader’s attention 1s briefly
disrupted after a saccade. Blinking 1s associated with sac-
cadic movement, each blink taking between about 100 ms
and 400 ms, which translates into about 1-4 words at 700
wpm. Speed reading dramatically reduces the occurrence of
both intentional saccades and unintentional eye blinks.

BRIEF SUMMARY

In accordance with one aspect, a method comprises
detecting an eye movement of a reader during a reading of
presented text; determining, based on whether an eye move-
ment 1s detected, whether the reader 1s looking at the
presented text; pausing a presentation of the presented text
il 1t 1s determined that the reader i1s not looking at the
presented text; and resuming, if the presentation of the text
1s paused, the presentation of the presented text.

In accordance with another aspect, a computer system
comprises one or more memories having computer readable
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code and one or more processors, wherein the one or more
processors, 1n response to retrieving and executing the
computer readable code, cause the computer system to
perform the following: determining, based on whether an
eye movement of a reader 1s detected, whether the reader 1s
looking at presented text; pausing a presentation of the
presented text if 1t 1s determined that the reader 1s not
looking at the presented text; and resuming, 1f the presen-
tation of the text 1s paused, the presentation of the presented
text.

In accordance with another aspect, a computer program
product comprises a computer readable storage medium
having program instructions embodied therewith, the pro-
gram 1nstructions executable by a computer system to cause
the computer system to perform operations comprising:
determining, based on whether an eye movement of a reader
1s detected, whether the reader 1s looking at presented text;
pausing a presentation of the presented text if 1t 1s deter-
mined that the reader 1s not looking at the presented text; and
resuming, if the presentation of the text 1s paused, the
presentation of the presented text.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing and other aspects of exemplary embodi-
ments are made more evident in the following Detailed
Description, when read 1 conjunction with the attached
Drawing Figures, wherein:

FIG. 1 1s a flow of a method of enhancing speed reading
using RSVP technology;

FIG. 2 1s a tlow of a method of carrying out the steps for
the method of FIG. 1;

FIG. 3 15 a graphical 1llustration of one exemplary output
of data from a blink detection; and

FIG. 4 1s a block diagram of elements that may be used
in conjunction with methods of enhancing speed reading
using RSVP technology.

DETAILED DESCRIPTION

The word “exemplary” 1s used herein to mean “serving as
an example, instance, or 1illustration.” Any embodiment
described herein as “exemplary” 1s not necessarily to be
construed as preferred or advantageous over other embodi-
ments. All of the embodiments described in this Detailed
Description are exemplary embodiments provided to enable
persons skilled 1n the art to make or use the invention and not
to limit the scope of the mvention which 1s defined by the
claims.

Referring to FIG. 1, one exemplary flow of various phases
used for enhancing speed reading using RSVP technology 1s
shown generally at 100 and 1s heremaftter referred to as
“phase representation 100.” In phase representation 100, an
eye movement phase 110 1s used to detect eye movement of
a reader. Then, 11 the eyes of the reader are detected as
moving, a determination 1s made that the reader 1s not
looking at the text, and the presentation of the text 1s paused
in a pause phase 120. Then, when the reader 1s subsequently
detected as looking at the text, the presentation of the text 1s
resumed 1n a resume phase 130.

The eye movement phase 110 1s not only used to detect
where the reader 1s looking, but also to detect blinking. A
typical blink by a human takes about 100 ms to about 400
ms. For a reader using a speed reading techmque and reading
at 600 wpm, blinking translates into missing up to 4 words
with each blink. For this reason, readers often report not
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blinking (or blinking much less often) while speed reading,
thus leading to eye 1rritation and dryness. The eye movement
phase 110, in conjunction with the pause phase 120 and the
resume phase 130, 1s used to prevent the missing of infor-
mation during saccades and real-time blinking.

Referring to FIG. 2, one exemplary method of steps for
carrying out each of the phases of the phase representation
100 1s shown generally at 200 and 1s hereinafter referred to
as “method 200.” In method 200, the eye movement phase
110 1s used to determine any movement ol the eyeball
(tracking) or related elements of the eye of the reader, such
as eyelids, eyebrows, and the like. With regard to movement
of the eyelids, eyebrows, and the like, blink detection 210
may be carried out using a facial sensor 220 that detects
opening and closing of a reader’s eyelid, such a facial sensor
220 comprising, for example, an electroencephalography
(EEG) apparatus, an electromyography (EMG) apparatus, or
a combination thereof. A computer vision (CV) method may
also be used, or an RGB (red green blue) or infrared sensor
may be used to detect blinks. Optionally, a camera or other
visual sensor 230 may also be used for the blink detection
210.

In the blink detection 210, a decision 250 1s made as to
whether the reader blinked, which 1s construed herein as the
eyelid closing over the eyeball and subsequently opening. If
it 1s determined that the reader 1s 1n fact blinking (closing the
eyelid over the eyeball), 1t 1s also determined that the reader
1s not seeing a portion of the text, and the text 1s paused, as
indicated at 270. Pausing of the text comprises momentarily
stopping the presentation of the text until 1t 1s determined
that the reader’s eyelid 1s no longer closed over the eyeball.
A sensor may detect both the opening and closing of the
eyelid. Thus, the pause for blinking corresponds to the
length of the blink. The text presentation 1s then resumed
based on a detected opening of the eyelid.

The camera or other visual sensor 230 may further be used
for eye tracking 240, which may be construed herein as
movement of the eyeball itself laterally (left or right) or
longitudinally (up or down), which generally means the
reader’s gaze deviated from the presented text. In the eye
tracking 240, a decision 260 i1s made as to whether the
reader’s eyes are moving (such as, for example) due to
saccadic movements and whether the reader’s eyes are likely
not seeing the text. Measurements of the movements may be
taken, an analysis may be carried out, and the movement
may be classified as one type of movement or another. If 1t
1s determined that the reader’s eyes are moving due to
saccadic movements or are otherwise losing track of the text,
it 1s again determined that the reader did not see a portion of
the text, and the text 1s again paused, as indicated at 280. As
with pausing due to blinking, pausing of the text based on
the detection of eye tracking 240 comprises momentarily
stopping the presentation of the text until 1t 1s determined
that the reader’s eyeball 1s no longer tracking. Thus, the
pause for eye movement corresponds to the length of time
that the eye 1s looking away (1n other words, while the gaze
1s not centered). For eye tracking 240, the camera or other
visual sensor 230 may be calibrated to a particular reader’s
eyes.

When pausing 270 or pausing 280, the presented text 1s
stopped on a word as opposed to a space between two words.

After pausing 270, 280, the text presentation 1s resumed
at normal speed, as indicated at 290. Normal speed i1s a
predetermined or preselected speed of text presentation
based on the ability of the reader. Thus, any blink detection
(and eye tracking detection) and the subsequent resuming of
the presented text occurs 1n real-time. Real-time means that
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the determination of whether a blink or tracking was
detected and the subsequent pausing of the presented text
and the subsequent resuming of the presented text occurs
substantially mstantaneously and without a measurable or at
least significant time lapse. If there 1s no pausing 270, 280,
in other words if there 1s no blink detection 210 or if there
1s no eye tracking 240, the text presentation 1s maintained at
normal speed, as indicated at 295.

Referring now to FIG. 3, one example of output graphical
data from a blink detectlon 210 by EMG/EEG 1s shown at
300. In graph 300, a first aberration 310 1s noted at about
10.5 ms, and a second aberration 320 1s noted at about 20
ms, each of the first aberration 310 and the second aberration
320 being characterized by spikes 1n signal.

Retferring to FIG. 4, the method 200 may be carried out
using a computer system 400 having circuitry 405 with one
or more processors 410 and associated memories 415. The
memories 415 may include computer readable code 420,
which when accessed and executed by the one or more
processors 410, causes the computer system 400 to perform
the operations descnbed herein, such as those described 1n
the Figures. The operations may be implemented in whole or
part 1n the circuitry 405, which 1tself may implement the one
or more memories 415 and the one or more processors 410.
For instance, the circuitry 405 may implement the blink
detection 210 and the eye tracking 240, both of which may
be carried out using an integrated circuit or as part of a
programmable logic device associated with the facial sensor
220 and the camera or visual sensor 230. Input to the
computer system 400 may be received through one or more
of the facial sensor 220 and the camera or visual sensor 230,
and output may be provided to the user as presented text 450.

The present mnvention may be a method, a system, and/or
a computer program product at any possible technical detail
level of integration. The computer program product may
include a computer readable storage medium (or media)
having computer readable program instructions thereon for
causing a processor to carry out aspects of the present
invention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a ﬁber—optlc cable), or electrical signals transmaitted
through a wire.

Computer readable program 1nstructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
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external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network, and/or a wireless network. The network may
comprise copper transmission cables, optical transmission
fibers, wireless transmission, routers, firewalls, switches, 3
gateway computers, and/or edge servers. A network adapter
card or network interface 1n each computing/processing
device receives computer readable program instructions
from the network and forwards the computer readable
program 1nstructions for storage in a computer readable 10
storage medium within the respective computing/processing
device.

Computer readable program 1instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions, 15
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, con-
figuration data for integrated circuitry, or either source code
or object code written 1n any combination of one or more
programming languages, including an object oriented pro- 20
gramming language such as Smalltalk, C++, or the like, and
procedural programming languages, such as the “C” pro-
gramming language or similar programming languages. The
computer readable program instructions may execute
entirely on the user’s computer, partly on the user’s com- 25
puter, as a stand-alone soiftware package, partly on the user’s
computer and partly on a remote computer, or entirely on the
remote computer or server. In the latter scenario, the remote
computer may be connected to the user’s computer through
any type of network, including a local area network (LAN) 30
or a wide area network (WAN), or the connection may be
made to an external computer (for example, through the
Internet using an Internet Service Provider). In some
embodiments, electronic circuitry including, for example,
programmable logic circuitry, field-programmable gate 35
arrays (FPGA), or programmable logic arrays (PLA) may
execute the computer readable program instructions by
utilizing state information of the computer readable program
instructions to personalize the electronic circuitry, 1n order to
perform aspects of the present invention. 40

Aspects of the present invention are described herein with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the mvention. It will be
understood that each block of the flowchart illustrations 45
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer, 50
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified 55
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that 60
the computer readable storage medium having instructions
stored therein comprises an article ol manufacture including
instructions which implement aspects of the function/act
specified 1n the flowchart and/or block diagram block or
blocks. 65

The computer readable program 1nstructions may also be
loaded onto a computer, other programmable data process-

6

ing apparatus, or other device to cause a series of operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the flow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures 1llustrate
the architecture, functionality, and operation of possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion of 1nstructions, which comprises one or more
executable instructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the blocks may occur out of the order
noted 1n the Figures. For example, two blocks shown in
succession may, 1n fact, be executed substantially concur-
rently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality mvolved. It
will also be noted that each block of the block diagrams
and/or flowchart illustration, and combinations of blocks 1n
the block diagrams and/or flowchart illustration, can be
implemented by special purpose hardware-based systems
that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer
instructions.

In one example, a method comprises detecting an eye
movement of a reader during a reading of presented text;
determining, based on whether an eye movement 1s detected,
whether the reader 1s looking at the presented text; pausing
a presentation of the presented text 1f 1t 1s determined that the
reader 1s not looking at the presented text; and resuming, 1
the presentation of the text 1s paused, the presentation of the
presented text.

Detecting an eye movement ol a reader may comprise
detecting one or more of a blink and a tracking movement.
Detecting a blink may comprise sensing a movement of an
eyelid closing and opening over an eyeball of the reader.
Detecting a tracking movement may comprise sensing a
lateral or longitudinal movement of the eyeball of the reader.
Sensing a movement of an eyelid closing and opening over
an eyeball of the reader may comprise sensing movement of
one or more of an eyelid and an eyebrow using one or more
of a camera, an ¢lectroencephalography apparatus, an elec-
tromyography apparatus, a computer vision apparatus, a red
green blue sensing apparatus, and an inirared sensing appa-
ratus. Sensing a lateral or longitudinal movement of the
eyeball of the reader may comprise sensing movement of the
eyeball using the camera. Determining, based on whether an
eye movement 1s detected, whether the reader 1s looking at
the presented text may comprise determining whether the
reader closed their eyes or whether the reader’s gaze devi-
ated from the presented text. Pausing a presentation of the
presented text if 1t 1s determined that the reader 1s not
looking at the presented text may comprise stopping the
presented text on a word of the presented text. Resuming, 1
the presentation of the text 1s paused, the presentation of the
presented text may comprise resuming the presentation of
the text at a preselected speed based on the ability of the
reader. Determining, based on whether an eye movement 1s
detected, whether the reader 1s looking at the presented text,
pausing a presentation of the presented text if 1t 1s deter-
mined that the reader 1s not looking at the presented text, and
resuming, 1f the presentation of the text i1s paused, the
presentation of the presented text may occur 1n real-time.
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In another example, a computer system comprises one or
more memories having computer readable code and one or
more processors, wherein the one or more processors, in
response to retrieving and executing the computer readable
code, cause the computer system to perform the following:
determining, based on whether an eye movement of a reader
1s detected, whether the reader 1s looking at presented text;
pausing a presentation of the presented text it 1t 1s deter-
mined that the reader 1s not looking at the presented text; and
resuming, 1 the presentation of the text i1s paused, the
presentation ol the presented text.

Determining, based on whether an eye movement of a
reader 1s detected, whether the reader 1s looking at presented
text may comprise determining whether the reader closed
their eves or whether the reader’s gaze deviated from the
presented text. Pausing a presentation of the presented text
if 1t 1s determined that the reader i1s not looking at the
presented text may comprise stopping the presented text on
a word of the presented text. Resuming, 1f the presentation
of the text 1s paused, the presentation of the presented text
may comprise resuming the presentation of the text at a
preselected speed based on the ability of the reader. Deter-
mimng, based on whether an eye movement of a reader 1s
detected, whether the reader 1s looking at presented text,
pausing a presentation of the presented text if 1t 1s deter-
mined that the reader 1s not looking at the presented text, and
resuming, 1 the presentation of the text i1s paused, the
presentation of the presented text may occur 1n real-time.

In another example, a computer program product com-
prises a computer readable storage medium having program
instructions embodied therewith, the program instructions
executable by a computer system to cause the computer
system to perform operations comprising: determining,
based on whether an eye movement of a reader 1s detected,
whether the reader 1s looking at presented text; pausing a
presentation of the presented text it 1t 1s determined that the
reader 1s not looking at the presented text; and resuming, 1
the presentation of the text 1s paused, the presentation of the
presented text.

In the foregoing description, numerous specific details are
set forth, such as particular structures, components, materi-
als, dimensions, processing steps, and techniques, 1n order to
provide a thorough understanding of the exemplary embodi-
ments disclosed herein. However, 1t will be appreciated by
one of ordinary skill of the art that the exemplary embodi-
ments disclosed herein may be practiced without these
specific details. Additionally, details of well-known struc-
tures or processing steps may have been omitted or may
have not been described 1n order to avoid obscuring the
presented embodiments.

The description of the present invention has been pre-
sented for purposes of illustration and description, but 1s not
intended to be exhaustive or limiting 1n the form disclosed.
Many modifications and variations will be apparent to those
of ordinary skill 1n the art without departing from the scope
of the invention. The embodiments were chosen and
described 1n order to best explain the principles of the
invention and the practical applications, and to enable others
of ordinary skill in the art to understand the imnvention for
vartous embodiments with various modifications as are
suited to the particular uses contemplated.

What 1s claimed 1s:

1. A method, comprising:

detecting an eye movement of a reader during a reading
of presented text;
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determiming, based on whether an eye movement 1s
detected and sustained over a specified period of time,
whether the reader 1s looking at the presented text;

pausing a presentation of the presented text at a word of
the presented text i1 1t 1s determined that the reader 1s
not looking at the presented text; and
resuming, 1i the presentation of the text 1s paused, the
presentation of the presented text from the word of the
presented text at which the presented text was paused;

wherein the determining of whether the reader 1s looking
at the presented text, the pausing of the presentation of
the presented text, and the resuming of the presented
text, 11 the presentation of the presented text 1s paused.,
occurs 1n real-time based on the eye movement and
without a measurable time lapse 1n the text presenta-
tion.

2. The method of claim 1, wherein detecting an eye
movement of a reader comprises detecting one or more of a
blink and a tracking movement.

3. The method of claim 2, wherein detecting a blink
comprises sensing a movement ol an eyelid closing and
opening over an eyeball of the reader, and wherein detecting
a tracking movement comprises sensing a lateral or longi-
tudinal movement of the eyeball of the reader.

4. The method of claim 3, wherein sensing a movement of
an eyelid closing and opening over an eyeball of the reader
comprises sensing movement of one or more of an eyelid
and an eyebrow using one or more of a camera, an electro-
encephalography apparatus, an electromyography appara-
tus, a computer vision apparatus, a red green blue sensing
apparatus, and an infrared sensing apparatus, and

wherein sensing a lateral or longitudinal movement of the

eyeball of the reader comprises sensing movement of
the eyeball using the camera.

5. The method of claim 1, wherein determining, based on
whether an eye movement 1s detected, whether the reader 1s
looking at the presented text comprises determining whether
the reader closed their eyes or whether the reader’s gaze
deviated from the presented text.

6. The method of claim 1, wherein pausing a presentation
ol the presented text 11 1t 1s determined that the reader 1s not
looking at the presented text comprises stopping the pre-
sented text on the word of the presented text.

7. The method of claam 1, wherein resuming, it the
presentation of the text 1s paused, the presentation of the
presented text comprises resuming the presentation of the
text at a preselected speed based on the ability of the reader.

8. A computer system, comprising:

one or more memories having computer readable code;

and

one or more processors, wherein the one or more proces-

sors, 1n response to retrieving and executing the com-
puter readable code, cause the computer system to
perform the following;
determiming, based on whether an eye movement of a
reader 1s detected and sustained over a specified period
of time, whether the reader 1s looking at presented text;

pausing a presentation of the presented text at a word of
the presented text i1 1t 1s determined that the reader 1s
not looking at the presented text; and

resuming, 1i the presentation of the text 1s paused, the

presentation of the presented text from the word 1n the
text at which the presented text was paused;

wherein the determining of whether the reader 1s looking

at the presented text, the pausing of the presentation of
the presented text, and the resuming of the presented
text, 11 the presentation of the presented text 1s paused,
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occurs 1n real-time based on the eye movement and embodied therewith, the program instructions executable by
without a measurable time lapse 1n the text presenta- a computer system to cause the computer system to perform
tion. operations comprising;:

_ . determining, based on whether an eye movement of a

9. The computer system of claim 8, de:termlnmg, based on 5 reader 1s detected and sustained over a specified period

whether an eye movement of a reader 1s detected, whether of time, whether the reader is looking at presented text;

the reader 1s looking at presented text comprises determining, pausing a presentation of the presented text at a word of

whether the reader closed their eyes or whether the reader’s the presented text if it is determined that the reader is
gaze deviated from the presented text. not looking at the presented text; and

resuming, 1 the presentation of the text i1s paused, the
presentation of the presented text from the word of the
presented text at which the presented text was paused;
wherein the determining of whether the reader 1s looking
at the presented text, the pausing of the presentation of

10. The computer system of claim 8, wherein pausing a g
presentation of the presented text i1 i1t 1s determined that the
reader 1s not looking at the presented text comprises stop-
ping the presented text on the word of the presented text.

11. The computer system ot claim 8, wherein resuming, 1t the presented text, and the resuming of the presented
the presentation of the text 1s paused, the presentation of the 15 text, if the presentation of the presented text is paused,
presented text comprises resuming the presentation of the occurs 1n real-time based on the eye movement and
text at a preselected speed based on the ability of the reader. without a measurable time lapse 1n the text presenta-

12. A computer program product comprising a computer tion.

readable storage medium having program 1instructions %k % k%
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